Lung cancer is the leading cause of cancer death among women in the United States and other Western nations. The predominant cause of lung cancer in women is active cigarette smoking. Secondhand exposure to tobacco smoke is another important cause. The hypothesis that women are more susceptible than men to smoking-induced lung cancer has not been supported by the preponderance of current data, as noted by De Matteis et al. (Am J Epidemiol. 2013;177(7):601-612) in the accompanying article. However, aspects of lung cancer in men and women continue to indicate potential male-female differences in the etiology of lung cancer, based on several observations: 1) among never smokers, women have higher lung cancer incidence rates than men; 2) there is evidence that estrogen may contribute to lung cancer risk and progression; and 3) there are different clinical characteristics of lung cancer in women compared with men, such as the higher percentage of adenocarcinomas in never smokers, the greater prevalence of epidermal growth factor receptor gene (EGFR) mutations in adenocarcinomas among never smokers, and better prognosis. Considered in total, observations such as these offer enticing clues that, even amid cigarette smoking and other commonalities in the etiology of lung cancer in men and women, distinct differences may remain to be delineated that could potentially be of scientific and clinical relevance. cigarettes; estrogen; lung cancer; men; secondhand smoke exposure; sex; smoking; women Abbreviations: CI, confidence interval; EGFR, epidermal growth factor receptor; RR, relative risk.
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Before becoming the most common cause of cancer death worldwide, lung cancer was a rare disease in the early 1900s. The fact that lung cancer was once so rare in both sexes attests to the fact that almost the entire present lung cancer burden is caused by environmental exposures. Tremendous progress has been made in characterizing the environmental causes of lung cancer, with a single etiological agent-cigarette smoking-being the predominant cause, accounting for approximately 80%-90% of lung cancer cases in countries where cigarette smoking is common (1) . In both sexes, extensive bodies of evidence have consistently demonstrated extremely strong associations between smoking and lung cancer that follow clear dose-response gradients according to the number of years smoked, the number of cigarettes smoked per day, and ages at starting and stopping smoking (2) . Compared with persistent smoking, the risk of lung cancer is reduced following smoking cessation (2) .
Cigarette smoking is such a potent cause of lung cancer in both sexes that it can be tracked on a population-wide scale, since spatial and temporal trends in lung cancer occurrence closely mirror trends in smoking prevalence, with rates of occurrence lagging behind smoking rates by about 20 years (3). In the United States, because of historical trends in cigarette smoking prevalence, which peaked approximately 2 decades earlier in men than in women, the epidemic of lung cancer started later in women than in men. Whereas lung cancer incidence rates in men have been declining for the past 2 decades, a significant downturn in lung cancer incidence rates among women was only recently observed in 2003-2007 data (4) . Far more men than women still die from lung cancer each year, but the gender gap in lung cancer mortality is steadily narrowing. Thus, from a public health perspective, the message is clear: Effective tobacco control interventions are the central strategy for preventing lung cancer in both men and women.
As the major associations between smoking and lung cancer were characterized, more refined questions were addressed. As De Matteis et al. (5) illustrate in this issue of the Journal, an example is the keen interest in the hypothesis that women may be more susceptible to smokinginduced lung cancer than men.
ENVIRONMENTAL RISK FACTORS OTHER THAN CIGARETTE SMOKING
Despite the fact that active cigarette smoking is the most important risk factor for lung cancer, it is but one of a wellcharacterized set of established risk factors that also includes: smoking types of tobacco other than cigarettes (e.g., cigars, pipes) (6); secondhand exposure to cigarette smoke (7); occupational exposure to lung carcinogens such as asbestos, nickel, chromium, and arsenic (8); exposure to radiation, including radon gas in homes and mines (9) ; and exposure to indoor (10) and outdoor (11) air pollution. Some of these factors interact synergistically with cigarette smoking to exacerbate the lung cancer risk; well-known examples include the synergistic effect of cigarette smoking on the lung cancer risk associated with exposure to asbestos and radon (12) . The accumulating evidence for lifestyle factors, such as diet and exercise, has pointed toward a potential role in influencing lung cancer risk. For example, the evidence was judged to be either "convincing" or "probable" that lung cancer risk was inversely associated with intake of nonstarchy vegetables, intake of fruits, and physical activity (13) . An etiological framework of lung carcinogenesis that integrates active cigarette smoking along with these other risk factors is useful for conceptualizing potential male-female differences in lung cancer risk (Figure 1) .
The associations between lung cancer and risk factors other than active smoking would not be expected to differ meaningfully between men and women, but the likelihood of exposure to most of these factors is greater in men. For example, men have been more likely to smoke cigars/pipes (14, 15) and to be exposed to occupational carcinogens (16) . To illustrate, in the De Matteis et al. study, compared with women, men were 48 times more likely to have smoked forms of tobacco other than cigarettes and 4.9 times more likely have worked in a high-risk occupation (5) . The situation for secondhand smoke exposure is more complicated, with men being more likely than women to be exposed in the United States (17) but prevalence being higher among women than among men in Europe and in Asian countries such as China (18) . Of growing concern, particularly in Asia, is indoor air pollution from indoor burning of unprocessed solid fuels, notably soft coal (a fossil fuel) and biomass fuels (10), for cooking and space heating, with exposure patterns that may differentially affect women. With respect to lifestyle characteristics, women generally have higher levels of fruit and vegetable consumption but are less physically active than men (19) . This implies that-holding all else equal, including intrinsic susceptibility factors-to the extent that these environmental factors considered as a whole interact synergistically with cigarette smoking, one would anticipate greater risk associated with cigarette smoking in men compared with women because of the greater burden of exposure to effect modifiers in men.
This line of reasoning was supported by the results of De Matteis et al., who observed stronger, though not statistically significantly different, associations between cigarette smoking and lung cancer in men than in women (5). However, as De Matteis et al. note (5) , the observation of an interaction in this direction has been the exception rather than the norm in previous studies of this topic.
ARE WOMEN MORE SUSCEPTIBLE TO SMOKING-INDUCED LUNG CANCER?
Rather, in contrast, some initial studies in the 1990s observed the opposite, leading to the hypothesis that women may be more susceptible to smoking-induced lung cancer than men. The study by De Matteis et al. adds to the previous 7 case-control studies and 13 cohort studies that have evaluated this topic. As De Matteis et al. describe, the results of this substantial body of evidence have been at best equivocal and, more often than not, have not supported the hypothesis (5). When viewed in light of the new evidence reported by De Matteis et al., it is becoming increasingly clear that the evidence does not support the hypothesis that women are more susceptible to smoking-induced lung cancer. This inference is firmly reinforced by the substantial bodies of consistent evidence indicating that women are not more susceptible than men to secondhand smoke exposure as measured by spousal smoking in never smokers. At exposure doses considerably lower than those for active smoking, associations in men and women are of similar magnitudes; in a meta-analysis, the association was actually slightly stronger for men whose wives smoked (relative risk (RR) = 1.37, 95% confidence interval (CI): 1.05, 1.79) than for women whose husbands smoked (RR = 1.20, 95% CI: 1.11, 1.29) (7). 
SEX DIFFERENCES IN LUNG CANCER NOT CAUSED BY ACTIVE SMOKING
Even as the evidence coalesces around the absence of a smoking-by-sex interaction, greater interest in the broader question of a potential sex difference in the etiology of lung cancer is emerging. Among never smokers of cigarettes, men would be expected to have higher lung cancer rates than women based on the fact that typically the prevalence of exposure to lung carcinogens other than active cigarette smoking is higher in men than in women, largely because of occupational exposures. It is thus surprising that lung cancer incidence rates among never smokers appear to be greater in women than in men. In 3 cohort studies that included both sexes, lung cancer incidence rates among never smokers were 51%-200% greater in women than in men (20) . In data from 35 cohort and cancer registry studies conducted worldwide, among never smokers lung cancer incidence rates were 15% greater in females than in males (21) . If this is true, among never smokers, the greater observed lung cancer incidence rates in women than in men despite women's ostensibly lower risk profile raises the hypothesis that women may be more susceptible than men to lung malignancy that is not caused by active smoking.
A potential role of hormones in the etiology of lung cancer has emerged from varied lines of evidence. Estrogen has been observed to promote the growth of lung cancer cells (22) . Estrogen receptor β is expressed in the majority of non-small-cell lung carcinoma cell lines (23) . In women, a significantly increased risk of lung cancer (RR = 1.4, 95% CI: 1.03, 1.8) was observed in a meta-analysis of results from 2 large-scale randomized controlled trials of hormonal therapy that included an estrogen-plus-progestin formulation (24) . The lung cancer risk associated with hormonal therapy may be specific to estrogen-plus-progestin formulations, since the results from 1 randomized trial were null for estrogen-only formulations (25) . In a prospective cohort study, increased lung cancer risk was observed for estrogen-plusprogestin formulations, with null results for estrogen-only formulations (26) , but when viewed as a whole, the heterogeneous results of observational studies do not lend themselves to such a clear-cut interpretation. Among lung cancer patients, use of hormone replacement therapy has been consistently associated with disease progression (27) .
SEX DIFFERENCES IN LUNG CANCER PRESENTATION AND TREATMENT
In addition to the evidence that there may be hormonemediated pathways to lung carcinogenesis, several unique clinical features of lung cancer in women have been characterized. Among lung cancer patients, women are more likely than men to be diagnosed with adenocarcinoma. Among lung cancer patients diagnosed with adenocarcinoma, tumors in women are more likely than those in men to have epidermal growth factor receptor gene (EGFR) mutations, which are more responsive to treatment with EGFR tyrosine kinase inhibitors. Factors such as the relative female predominance of EGFR mutation-positive adenocarcinomas contribute to the better lung cancer survival in women than in men. These observations may relate back to the potential estrogenic role, as the estrogen receptor and the EGFR engage in bidirectional signaling in both normal and malignant cells (28) . This can potentially be exploited to therapeutic advantage, as evidenced by the fact that in non-small-cell lung cancer cells, combined targeting of both estrogen receptor and EGFR results in enhanced antiproliferative effects (29, 30) .
It is a challenging proposition to tease apart the complex interplay of factors that contribute to lung cancer risk in never smokers, let alone attempt to differentiate the risk factors according to histological type and activating mutation status. Further discerning the extent to which these unique clinical features of lung cancer in women represent true male-female differences in etiology introduces an added layer of complexity. For example, EGFR mutationpositive tumors are significantly more likely to occur in never smokers (31) ; and, as was apparent in the data of De Matteis et al., where 78% of the never-smoking cases were women (5), a preponderance of never-smoking lung cancer patients are women. Piecing this puzzle together will require systematically addressing key questions in a focused way that holistically accounts for the important risk factor and clinical variables. For example, in a study of lung cancer patients who had never smoked, both female sex and secondhand smoke exposure were significantly associated with the presence of EGFR mutations after adjustment for age and other factors (32) .
SUMMARY AND CONCLUSIONS
The results of the De Matteis et al. study add to a growing body of evidence that, when considered in total, fails to support the hypothesis that women are more susceptible than men to cigarette smoking-induced lung cancer. As clarity is achieved on this question, increased attention is being directed toward other potential differences in lung cancer etiology between men and women. There is ample justification to pursue a research agenda in this direction based on the following reasons: 1) the higher incidence rates among never smokers in women than in men; 2) the emerging evidence of a potential link between estrogen and lung carcinogenesis; and 3) differences in the clinical characteristics of lung cancer in women compared with men. Observations such as these offer enticing clues that, even amid active and passive cigarette smoking and other commonalities in the etiology of lung cancer in men and women, distinct differences may remain to be delineated that could potentially be of scientific and clinical relevance.
